Introduction Jugular foramen is one of the most fascinating foramina of the human skull. It is a complex, irregular bony canal located between the occipital bone and petrous part of the temporal bone. Many important structures, like 9th, 10th, 11th cranial nerves, meningeal branch of occipital and ascending pharyngeal arteries, internal jugular vein, and inferior petrosal sinus, are passing through it. The jugular fossa has a septum and a dome. The septum divides the foramen into two compartments: anteromedial compartment (pars nervosa) and posterolateral compartment (pars vascularis). The dome contains superior bulb of internal jugular vein. The architecture of the foramen varies in size, shape, and laterality besides differences related to sex and race. The morphometric measurements of jugular foramen are very important for neurosurgeries and head and neck surgeries. Objectives The aim of the present study is to study the morphology of jugular foramen along with its dimensions, compartments, presence of partial or complete septa and dome. Materials and Methods A total number of 60 jugular foramina were examined from 30 adult dry human skulls of unknown age and sex from the Department of Anatomy, PSG Institute of Medical Sciences and Research, Coimbatore. Measurements were taken using Digital Vernier calipers. Results were analyzed statistically. Results The length, width, and surface area of jugular foramen of right side were measured and compared with the left side. Length and width of the jugular foramen was significantly higher on the right side. The presence of partial septum was found in 27 skulls (90%) on the right side and 29 skulls (99.7%) on the left side, respectively. Dome was present in 100% of the jugular foramina on the right side and 90% of the jugular foramina on the left side. Separate opening for inferior petrosal sinus was found in eight skulls (27%) on the right side and four skulls (13%) on the left side. Conclusion This study provides a clear understanding of anatomy of jugular foramen and supports the reported morphometric variations. The morphometric variations of jugular foramen in the parameters of the skull are probably due to ethnic and racial factors. Knowledge of these variations is important for neurosurgeons and radiologists who deal with space occupying lesions of the structures surrounding jugular foramen. This study may be helpful for ENT surgeons while performing middle ear surgeries.
Introduction
The jugular foramen (JF) is a bony canal in the floor of the posterior cranial fossa, posterolateral to carotid canal located between the petrous part of the temporal bone and the occipital bones at the posterior end of the petro-occipital fissure, above and lateral to the foramen magnum. The upper border of the foramen contains an intrajugular process, which divides the foramen into a small anteromedial compartment (pars nervosa), the petrosal part which transmits inferior petrosal sinus accompanied by a meningeal branch of occipital artery and posterolateral compartment (pars vascularis), the sigmoid part transmits sigmoid sinus as internal jugular vein. Glossopharyngeal nerve, vagus nerve, spinal part of the accessory nerve course between petrosal part and sigmoid part lie medial to the intrajugular process. 1 Versalius 2 referred JF as posterior foramen lacerum and studied variations in shape and compartmentalization.
The dome represents jugular bulb. There may be a dural septum which separates the glossopharyngeal nerve from vagus nerve and spinal part of the accessory nerve. 3 Intracranial and extracranial lesions may affect the JF in addition to the intrinsic abnormalities. Pathological conditions affecting the JF include intracranial meningiomas, paragangliomas, schwannoma, metastatic lesions, and infiltrative inflammatory lesions from the surrounding structures such as middle ear. 4 Surgical resection is the treatment of choice in majority of these cases. Advances in microsurgical techniques made it possible to remove advanced JF lesions, which were once assumed as inoperable. 5 As neurosurgeons become bolder in approaching this region, knowledge regarding anatomy of this region becomes important. Knowledge regarding the anatomy of JF will help surgeons to avoid internal jugular vein while doing ligation during radical neck dissection, the risk of venous infarction. 6 As per previous studies, JF is larger on the right side compared with left and its size, height, and volume vary in different racial groups and sexes. The foramen's complex shape, its formation by two bones, and the numerous nerves and venous channels that pass through it further make its anatomy very important. 7, 8 The present study was performed to analyze the dimensions, compartments, presence of partial or complete septa, dome and bony spicules of JF in view of the surgical importance of JF which was previously considered as unapproachable.
Materials and Methods
A total of sixty jugular foramina were examined from 30 dry human skulls of unknown age, sex from the Department of Anatomy, PSG Institute of Medical Sciences and Research, Coimbatore. The length (lateromedial diameter-from summit of dome to inferior border of the jugular fossa), breadth (anteroposterior diameter), and depth of the JF of both sides were measured using digital Vernier calipers with a precision of 0.1 mm. Presence of septa whether partial or complete was noted. Presence of dome and spicules was noted.
Results were analyzed statistically.
Results
The mean lengths of JF on the right and left sides were 16.5 mm (13-19 mm) and 1.54 mm (13-18 mm), respectively, while their mean widths measured 9.03 mm (6-12 mm) and 8.01 mm (7-11 mm) on the right and left sides, respectively. The mean area on the right side was 148.9 mm 2 and on the left side was 123.2 mm 2 (►Table 1). There was a highly significant correlation between the lengths on both sides and significant correlation between the widths and areas on both the sides. There were significant differences between the length and width on each side.
Partition of JF by the presence of septum was found in all the skulls. It was partial septum and was found in 27 (90%) on the right side and 29 (97%) on the left side (►Fig. 1), whereas the presence of complete septum was found in three (10%) on the right side and one (3%) on the left side (►Fig. 2; ►Table 2).
A dome indicating the presence of jugular bulb was present in 100% on the right side and 90% on the left side, whereas it was present bilaterally in 90% of the skulls and was absent in 10% on the left side of skulls (►Table 3).
Separate openings for inferior petrosal sinus were found in eight (27%) skulls on the right side and four (13%) skulls on the left side, respectively (►Fig. 3).
Bony spicules were found in six (20%) skulls on the right side and two (7%) skulls on the left side, respectively (►Fig. 4). Morphometric Study of Jugular Foramen and Jugular Fossa of Dried Adult Human Skull Amudha et al. 
Discussion
The shape and size of the JF is related to the size of internal jugular vein and the presence or absence of its superior bulb. Previous studies performed by many authors stated that the superior sagittal sinus drains into the right transverse sinus, thus right foramen is expected to be larger than the left foramen. But variations in the anatomy of intracranial venous sinuses will lead to variations in size and shape of the JF. The developmental difference in the size of the right and left jugular veins, which could be detected at 23-mm stage of embryo (8 weeks postconception), might result in difference in the developmental pattern of right and left brachiocephalic veins. 9 This may be the explanation for the larger diameter of right JF as compared with left JF. Many authors have reported the same in their studies (►Table 4).
With the previous studies, area (►Table 5), septum (►Table 6), jugular fossa (►Table 7), separate opening for the inferior petrosal sinus (►Table 8), and bony spicules (►Table 9) of JF were compared and tabulated.
The JF, because of its location, is difficult to access surgically. The difficulties in exposing this foramen are caused by 
Conclusion
In the present study, we found many variations in the morphology and morphometric measurements of JF and fossa which support reported morphometric variations. These variations are important for neurosurgeons to understand the clinical presentations and progression of lesions involving JF and also to interpret the images of JF. These parameters play an important role in planning possible approaches and also in performing surgeries related to JF. This is also useful for ENT surgeons to avoid unwanted complications while performing middle ear surgeries. These variations may be useful for radiologists and anthropologists to interpret abnormalities in various jugular foramina. These variations reported may possibly be due to constitutional, racial, and genetic factors. 
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